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Abstract

The purpose of this paper is to exdmine what is known about the
casts and cost-effectiveness of computer-assisted instruction (CAI) by
presenting an appropriate cost methodolpgy, applying it to CAI, and
exploring the validity of four popular assymptions. These assumptions
are: (1) that computer hardvare accounts for most of the cost of
delivering CAI; (2) that drastic declines future costs of computers
will create similar cost reductionsa in CAI; (3) that networks of
micro-computers used for CAl are less costly than mini-computers with
similar capabilities; and (4) that CAI has been found to be more
cost-effective than other instructionsl alternstives. The first three
assumptions are directly contradicted by the available evidence. With
respect to cost-effectiveness in raising student achievement in
mathermatics and reading, CAI was found to bé more cost-effective than

_reducing class size, increasing the length of the school day, and °

adult tutoring, but considerably less effective than peer tutoring.
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I- INTRODUCTION -

Computaear-assisted instruction (CAI) his been used in American
~lementary sad secondary schools for c-vo decades. Early Qpplicacion-s
of computers to education were based upon the use ‘of & central
uain;fraue ct;-puter linked to many schools over a large geographic
area through telephone lines or mini-computers in which a cen‘tuil.
processing unit was connected tc student terminals in a schoel or
school district (Alpert and Bitzer 1970; Suppes and Morningstar 1969).

However, the recent interest in CA[ has stemmed mainly from the

introduction of micro~computers into the schools.

<

Micro-computers allow a higher degree of flexibility in
deployment and use and do not require the elaborate ccamunications
networks associated with mainframe and mini-computers. A school can
obtain a single micro-computer or multiple micro~computers. They can
be placed in individual classrooms, a rasource center, or computer
laboratories, and they can be used as individual stations with highly
diverse applications or for common in;:mc:ionnl tasks., Although they
can be linked to each other in local area networks, they can be used
independently with no intercoanectioas whatsoever.

Since about 1978, the compelling case for micro-computers in
ins ttﬁction stems not only from their flexibility, but f;on reductions

in cost and increases in performance. Between 1978 and 1934, the cost
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for a given level of performance declined by 50 perceat or more. fhis
decline in cost cccogpani;zd by the emerging centrality of cb&puters in
the workplace has acceleraced the purchase of micro-computers by
schools and the integration of CAL into the school curriculum. By
January of 1983 :che 53 percent of all American schools and 85 percent
of high schools had at least one computer according to & major
netional ;urvey (Center for Sociﬂ. Organization of Schools 1983 a: 2),
and the panetration of the aiéyro—conpuut' is certainly considerably
higher .today. | |

The purpose of this study isi to look more closely at the issue of
cost and cost-effectiveness oL the use of micro-computers for CAIL.
Thefe are four popular ,usuapckons on this subject which serve as s
useful point of departure. ‘l'hq.[‘e assumptions are: (1) that cocpucer‘
hardware accounts for most of}cha codt of delivering CAI; (2) that
drastic declines in future costs of computers will create similar cost
reductions for CAI; (3) that nettélorks of micro-computers used for CAI
are less costly than nini-conpu}*t;cu vith-the same capcbiliti‘es; and
(4) that CAI has been found t‘b be more cost-effective than other
instructional alternatives. ‘ ”

Each of these assutnpcionsi will be evaluated according to the
evidence that is available. JB%st, before such an assessment can be
]
undertaken, it is important cq define costs, preseant & method of
mesasurinag costs, evaluate specificijllly the cost components of CAI, and

provide some cost estimates fcf»t CAIl services. The next section

addresses the costs of CAI.

L



11~ ESTIMATING COSTS OF CAI

What is the cost of CAI? When educators, policy-makers, co;pucer
firas, nnd‘ parents sddress the costs of CAI, they typically refer only
to the costs of purchasing the micro-~computers alone. Since a
micro-computer with instruccional capabilities coets less than $1000
and caan la;t for several years, a school with 1000 students could
acquire one micro-computer for every 20 students or 50 micro-computers
fo, bout $30,00C. This would amount to the ananual salaries of two
teachers. But, since the computers would last for several years, the
cost in a single year would be only & fraction of this. For example,
if the machines wvere used for three years, —ie apparent cost would be
oaly about $17,000 a year or $17 a student per year. Cl?lrl'; such &
cost seems ver§ modest in comparison with the $3,000 or so spent
annually on each student for all school services.

The problem with this type of calculation is that micro-computers

ia thumselves are only one element in s more complex system for

delivering instruction. 1In addition to the computers, schools need a

secure facility to house them, curriculum software, knowledgeable

personnel, provisions for maintenance, ind other support services.

The proper way to determine the cost of CAI is to ascertain what.

ingredients are needed to deliver a particular type and.levcll of
ins ttuctioﬁal seﬁrvices, to ascertain the cost of those ingredients,
;ud to de terninc) who pays for them. This approach is known as the
resource or ingredients approach and represents s systematic and
economically sound method for ascertaining costs (Levin 1983). 1In
this coantext, we will use the words ingredients and resources

interchangeably,

By
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Before exploring the ingredients method and its application to
CAI, it is useful to define what is meant by "cost" (Levig 1983: cChap.
3). Cost refers to the value of what is given up by using r;smrcos in
one way rather than in thoiil best slternative use. The use of

-

rescurces for o;:e endeavor means thac. some other use of those
. 4 ‘
resources is ucrific;d or lost. The ingredients method is based upon
this definition by aviluncin‘g in monetary terus the total value of all
resources used ia the CAI intervention. It is a comprehensive
approach to determining all of the ingredients required for the
intervention, assessing and sm;uri:ing their costs, and apportioning
those costs among diffarept constituencies such as levels of

government, parents, volunteers, and so on. .

Identifying Ingredients

The first steap in using the ingredients approach is to ideatify

the ingredients that will be needed for a CAI intervention. These can
generilly be divided among personnel, facilities, equipment, materials
and supplies, and 81l other. The pénonnel category includes
virtually all of the human resources required including teaching
specialists, coordinators, and administrators. Each position should
be identified in terms of the proportion of a full-time position
required as wvell as the qualifications of the person occupying the
position., Facilities refer to the physical space required for the
intetvengion. This may be a classroom or a portion of a classroom,
The facility should be identified according to both the amount of
space needed and its quality. For example, if security devices and

air conditioning are required, these should be stipulated.



Equipment includes all of the hardware that will be required. In
the case of a micro-computer intervention this will includa the
micro~computers, printers, and other devices required for the

intervention. It may include such auxiliary equiment as cooling

fans, anti-gsurge devices, and added peripheral equipio 1t such as disk

drives or cassette recorders, Materials and supplies include the
curriculum soft- ware, insiructionsl muis. paper for the printers,
and other requirements.

The "all other" or miscellaneous éatpgory should include the
costs of energy (heating, lighting, and power), routine maintenance of
the classroom, hardware mgaintenance, fire and theft inlunuga, and
t raininé. The hardware maintenance and insurance could alternatively

be included in the equipment category rather than the miscellaneous

one. Uf specific administrative positions cannot be identified for the
persoannel category, it nay‘ be useful to make some estimate of
administrative overhead in this category to cover the purchasing,
c,oncracting,‘ and other crra.nguents that will have to be made by the
principal and the central office staff of the school district.

The guiding principle for iis:ing the ingredients of the proposed
CAI project‘iq to be as complete as possible, especially for the major
inputs. It is important to’rmaber that oane copy of software is oot
'Fdequate for multiple micro-computers. In general, a copy must be
pur;hpud‘ for all students who will use the softvare simultaneously or
an agreement must be negotiated with the softvare manufacturer that

*
peruits the school to pay a fee to produce a spacified numbar of

10



copies for internal use. Aichoush it may be tempting to buy s single
copy and duplicate it, such an activity is illegal.

Valuing Ingredients

Once the iangredients that are required for the CAl intervention
are stipulated, it is n&b’i‘t.ﬁ?;y to determine their cost. There is a
standard methodology for doing this that is readily available (Levin
1983: Chap. 4), and space precludes our replicating these details.
However, it is useful to indicate some of the principles for setting
out the costs of ingredients. First, all ingredients are costed, even
i‘f they appear to be "free". The reason for this is that even
contributed inputs such as the time of a volunteer or a donation are
notv free to the donor, even tbougli they do not have a ‘cost to the
school or school district. In those cases, we wish to acknowledge the
costs, even though at s later stage we will apportion them to other
constituencies than the school and scho ° district. This is not oniy
desirable for purposes of completeness, but it is also in.portﬁnc to
recognize such costs in the event .chu donations of volunteer time and
other resources are not obtainaple so that they may make a claim on
school resources at some future time,

Second, costs are set out at their market values for the same

resason. Take the case of a classroom that is provided for a computer

laboratory. At a budgetaty’levcl there appears to be no cost because
there is no vfinancial transaction. However, giv'en.our concept of
"opportuanity cost" for ingredients, there is alwa.ys a cost ss long as
the resource has alternative uses. In the case of a classrooi, that

space could be used for other instructional purposes or for

11
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administrative functioas, or it could be leased to outside users for
day-care, seanior citizen or commercial uses. In an age.of declining
enrollments many school districts have sold buildings or leased

portions of school facilities that were unused. By uoing such “extra”

-

space for CAI, the school district sacrifices what it could have
odbtained by leasing the facility. Accordingly, there is ’l cost to
using & classroom for CAL as opposed to using it for other purposes,
even ;hmgh these coscs will not be fouu'd on accountix}g statements.
Third, as bu#ges:ed by these first two principles, budget or
accounting statements do t'xot: include all of :hq‘ costs of an
intervention. Mot only do they exclude resourcas for which there is
no b'udgetary transaction such as the donatec ones or employmant of
available space that "has other c.onpeting uses, but they provide a
misleading view of annual costs for any equipment purchases. The
resson for this is Fhat equipment such as micro-computers haﬂs an
expected life of 3-6 ycarq/ depending upon its use and maintenance.
Hovever, conventional school accounting-practices require c-hat the
ent‘ire amount be budgeted during the year of purchase so that the
annual estimated costs in the first year are overestimated by
including the complete cost of equipment in that year. In subsequent
years the cost of CAI is underestimated becausé the cost of equipment
is not reflected in the budget., Yet, consider that the co.t;s shc;uld
be spread over all of the ye';rs of use to‘ get an accurate pictute of
the annual cost of CAI. Although fhis practice of apportioning costs

b -
over the lifetims of equipwent is a standard one in cost accounting,

it is not codmon in the construction of school budgets. Thus, one
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should not rely completely on school budgets if one wishes to obtain
an accurate picture of annual costs of an intervention.

Finally, it is useful to state costs in annual terms. They can
then be readily gompared with the annual costs o} other possible
interventions as well as the overall annual costs of school
cperations. Accordingly, all of the analyses that follow will be
based upon the estimate of annual costs, although we will also note
the initial costs of acquiring nicgo—couputers that will last a number
of years.

Given this background, it is possible to sﬁggal: some principles
for estimating the costs of each category. Costs are generally
easiest to estimate for the personnel category. The re;son for this
is that any school district can ascertsin readily what it needs to pay
for most types of instructional personnel. These costs should include
not only salaries, but fringe benefits as well. In the case of
volunteers, the cost estimate should be based upon what it would cost
the school or school district if paid staff had to be hired for such
positions. .

Facilities costs can be estinated in a number of ways. The
easiest way is to ascertain the leased value of equivalent space.
This can be done by specifying the amount of space and its
characteristics aad checking with a8 local real estate firm to
determine what such space would cost in that location. A different

method is to determine the replacement cost of the facility and to

convert the replacement cost into an annual value based upon the

lifetime of the facility and the interest rate that reflects the

[o]
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"opportunit} cost" of using resources for capital investment (Levin
1983: 67-71).

The aonusl cost of 'cquipubn: can be estimated in a similar
manner. If one knows the purchase price and life of the equipment and
the pertinent interest rate, one can use a simple table of
"snnualization factors" to determine the annual cost (i.evin 1983: 70).
Clearly, the greater the lifetime of the equipment, the lowet‘th%

‘ annual cost. Iﬁ some cases it is desirable to include the insurance
costs for fire and theft as well as maintenance costs of the equipment
in the eéuipuent category rather than in the miscellaneous one. Both

‘ of these are easily ascertainable because they are genédrally paid for -
on an annual basis (often a percen:aje of the value of the equipment).

* The most important component of the materials and supplies
category is likely to be the curriculum software. If it is leasad i-«
80 aanual fee, its annual cost is easily ascertained. 1If it is
purchased, its annual cos: can be derived in a similar fashion to that
of the hardware, although it should be remembered that the software
may have a different lifetime than the hardware. The annual cost of
other mgterials and supplies can be estimated on the basis of the
costs of the ingredients that are needed for this category.

Finally, the miscellaneous or other ingrediants can be valued
accor;iing to their particular characteristics. The costs of energy
use and facilities maintenance can generally be es tiuccd on the. basis
of school experience for these categories. Training will include not
only the direct cost of ins:ructo‘rs and materials, bué also the

reimbursement of salaries of trainees during the training sessions.

14
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To the degree that the trainees are expected to stay for a aumber 9f
years vithoﬁt requiring annual retraining, the initial costs of
training can be "annuslized” in a‘n\} similar to that of the equipment
and the .of‘tw’re.

In onnniry, & standard set of procedures can be used to estimate
the costs of the ingredients required fof CAI.. Once these costs are
eltilutec;, they can be added to obtain the total costs for the
intervention on an annual basis. They can also be divided into those
that will be borne by the school or 'scho'él district and by cthers, end
they can be used to estimate the initial "out-of-pocket" costs that
the scHool district will need to initiaste the intervention.

~.

Apportioning Costs

The ingredients method requires that all resources required for
the interveantion be scipulate;:l and their costs be ascert:ined. This
approach provides a complete picture of resource needs and their costs
and can be used to determine the ovirall cost of the interveation.
However, a school or school district will be concerned primarily with
its share of the total costs. It is in the interest of the district
to obtain as much outside assistance as pcssible in order to reduce
its own costs., For example, it may be pouibie to get cbmniI:y
volunteers to undertake some of the persoanel responsib'ilities,

particularly those of sides who will assist students in using the

wicro-computers. It is also common for computer firms to provide at

least some equipment to schools at no cost. The State of California
has passed legislation that provides tax credit‘s to computer

manufacturers for making such donations. Even in the fbs‘encc of such

»
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legislation firms have incentives to give equipment to schools in
s and to prime both the school and howme

*

/ /
/ order to gat tax d/ednccion
/ )
| (parental) market for their products. Finally, some of the states
provide subsidies to schools to promote computer instruction, and

federal grﬁ’/ts can be used to pay for all or some of the cost of CAI

under the Bdnéntion Consolidation aad Improvement Act (ECIA).
After 4ecerniuing the full cost of the interven:ion when the

!

/ ;
value of all resources is accounted for, it is useful to divide the

costs amoqﬁg those who bear them. 1In this way, it is possible to
discinguiéh amoang costs that will be borne by the school district,
other government agencies, volunteers, and private firms or other 1

donors. This analysis also enables & determination of the types of
upon and the areas in which the

support that the program will dep¢
school district will have to increase its share if the subsidies and

donations do not materislize.

Initial Costs
A separate analysis can also be made of the initial or "up-front"
Such costs refer to those expenditures that must be made at

even though the acquisitions and

costs.
the outset of the intervention,
improvements will last for several years and will not requir.

The best examples are the refurbishing of

additional outlay.
classrooms into computer laboratories and the acquisition of computers
In these cases, the ususl practice is to pay for the

and software.

improvements and equip-edi at the outset, even though good business
practice would normally lead to financing them over their lifetimes.

However, in the case of schools, only major capital construction is

16
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financed through borrowing. Refurbighiné of buildings and acquisition
of equipment are paid for immediately upon their completion or
purchase. The ingrédientl method enables a separate aécounting of any
resources that must be paid for initially in order to calcglate up-
front costs. Of course, the leasing of computers and softwvare as well
as facilities (e.g. tanpotnz;y classrooms) ropruenﬁs a ﬁy of reducing
the initially high col.tl. of Eiﬁanciqg this type of;"intemncion. ' ot

Summary of Cost Analysis

In this section we have provided a brief summary of a method for )
ascer:niﬁing the costs of CAI. The main principles of the approach
g are ‘che identification and stipulation of 111‘ ingrediants——not jl;lt
computer hardware; the co‘sting of all ingredients accordj.ng to their ‘
L

market value; the apportiomment of costs aﬁong chAa various constitu-
! encies who will be expected to bear them; and the determination of
vhat initial or up~-fronut investment will be’required by the school or
school district to uddgruke the CAI program. In the anext section, we
will apply tt‘\ese principles to ascertaining the costs of CAI in order
to evaluate some ;)f the popular assumptions on the subject. These
assumptions are: (1) that co-f:u:er hardware sccouﬁt:s_ for most of the
cost of CAI; .(2) that drastic declines in computer costs will have a
similar effect on the cost of CAI; (3) that networks of
micro-computers are less 'co_lsr.ly than mini-computers with similar
capabiilic ies; a.nd (4) that CAI has been found to be nore‘
cost-effecc'ive than other instructional alternacives." Each of these
assumptions will be evaluated in turan on the basis of actual

assessment of one of the most widespread applications of CAI.

17
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I11I- ACTUAL COSTS OF CAI /

The principles that were set ouf. #bove; have been used to estimate

a major application of CAI in 1978 (Lavin and Woo 1979) and in 1984
(Levin, Glass, and Meister 1984).

However, before p;csan:ing these
results, it is important to emphasize that fhey should be viewed as
illustrative rather thaa definitive. The reasoun for this is that
there are many different approaches to CAI, and there are many
different settings. Each applic&:ign may have di fferent ingredient
reciuireuen:s and sérvice levels asvweil as goals. In addition, costs

for particular ingredients such as personnel may differ substantislly

among different settings. The advantage of the following examples is

that they have—been derived from one of the most widespread uses of |

CAI. In addition, they pemit' an examination of changes in cost levels

and structure over time as well as a comparison of the costs of

-~

micro-computers and mini-cé;pucefs for producing the gsame type and
level of services. .

The specific application of CAI that n will consider is that of
"drill-and-practice,”" Drill-gnd-practice refers to the uee.of
computer exercises to reinfor,'ce’ classroom instruction. It is the
earliest application of conpucer:s”to ‘leaarning and has been used for at
least two decades (Suppes and Morningstar 1969). A 1983 survey of
schools found it to be the seconv);l most important computer applicationm,
oc'cupying 23 parcent of all stud;nt instructional time on computers st
the elementary and secondsary levels (Center fof the Social

Organization of Schools 1983 b: 7). Rigorous evaluations of computer

drill-and-practice suggest that the intervention has strong positive

18
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effacts on student achievement in wathematics and reading (Class 1984;
Ragosta, Roihnd, Qnd Jamison 1982).

The wmost widely used and ‘evnlu;ced drill-md—prgccice qifn:cnchn is
that of the Computer Curriculum Corporation (CCC). A prominent

four-yadr evaluation of the CCC application was carried out in Los

Angeles froi 1976-1980, sponsored by the National Institute of .

‘Bducation and carried out by the Educational Tuting' Service (Ragosta,
Holland, and Jnia;n 1982). Ia that interventionm, 'elena;nury students
vere provided with ten-inﬁce daily sessions of drill-and-practice in
aath‘e-ac ics, ;ending, n;d laaguage arts. Some students had more than
one daily uuion,}{ and the combinations of subjects to which students
vere assigned differed so that a child studying reading and lmgu;ge
arts by conphter could serve as a coantrol fof assessing the Scnefitt
of mathematics in-'truction for snother child studying reading,
language arts, and mathematics., Since the experiment ran for four
years, it was also possible to make comparisons among students with ,’.hp
to four years of CAI and with different combinations of subjects "as

well as between students who had received CAI and those who had not.

The appr-onch evaluated in the study requires a separate classroom
with 32 termingls connected to & minicomputer, (A similar type of
delivery system can be constructed using microcomputers that are
arranged in a local network with a hard-disk storage device.) The
qinicqnpucer holds all‘ cos'puter curricula for aIllolmnury grades
and curriculu. aress as well as student records on the numbar of

sessions that students have taken and their progress. Since each

77
’
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terainal ‘was used for about 23 sessions s day, the computer facility
vas able to accommodate a totsl of 736 sessions a day.

Personnel include s full-time coordinator and two part-time
tcichinj aides as vgl} a-s a saall portion of administrative time. The
CAI coordinator is responsible for the overall functionin; of the CAI
program including scheduling and coordination of instruction,
reporting to teachers on student progress, and monitoring équipnent
functioning and maintenance. This role is serve by a classroom
te'acher who is trained in an intensive one and one-half day program.
Teaching aides monitor the berformmce of students and auisc thea in
understanding the CAI problems and solving them. In addi.?r.ion- to the
computer hardware and pexésonne 1, other inputs include & renovated

classroom, curriculum reatal, supplies, insursnce, and msintenance.
- - .

-
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TABLE 1

|
Computer Assisted Instruction Ingredients and Costs

- Nﬁ-ber of Students:

- Ninicomputer Systea
|

736 (inclides 23 sessions per térainal
per day for 32 terminals). -
| i
‘ r
!

Annual |
Cost Ingrcqient
PERSONNEL ! f
. $25,000 1 caIx Coordxna;or at 3%0 000 plus fringe benefits per
year | 1 .
. 6,000 2 celching aiﬁel ] 600}houro at $5.00/hour
1,750 1 principal 3,51 time at $28,000 plus fringe benefits
. per year [ / . ‘
] ' :
L f ’
“ PACILITIES |
J
5,775 Classroom for CAI la ratory (includes $1 000 for
utilities and routine maintenance of the. space)
3,010 Classroom renovsiion for CAI laboratory
254 Furnishings (include+ teacher desk and chair and
student chairs only)}
" EQUIPMENT AND mmx+m |
4,982% 1 Microhost (CPU) with 1 Mb memory and 40 Mb storage
at $21,700, annualized at 10% interest over 6 years®
, f
4,8578 32 Computer Curriculum Corporation terminals at
$21,152, annualized at 10% interest over 6 years®
20748 1 dot lstﬂix (126 ps) princer at $900 annualized at
102 interest over years? . :
11,4343 Software at 349 BOF, nnnullizad at 10% interest over 6
‘ a
: yesrs ‘ |
| |
, 1,102% Installation at $
c udes cPT ac $1,500, terminals at

over 6 years (in

: ,800, annualized at 10X interest .
$3,200, and print

r at $100)%

/
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TABLE ONE (Continued)

Ainual
Cost ) Ingredient
EQUIPMENT AND MATERIALS (Continued)
6,400 Curricolum reatal per year
3,000 Supplies
OTHER '
40 Training time for coordinator @ 1-1/2 days x $100/day,
annualized at 102 interest over 5 years
855 ~ Training time for 40 teachers @ 4 hours x $20.25/hour,
annualized at 10X interest over 5 years .
9,720 Maintenance (includes'CPU at $3,600, terminals at
' $5,760, and printer at $360)
3,000 Insurance . .
$87,376 TOTAL COST PER YEAR
$ 119 COST PER STUDENT
p #Costs quoted by Computer Curriculum Corporation as of 3/16/84.

Table One provides s summary of the ingredients and costs of th'e
CAI system for a 32 terminal laboratory. Details for the cost
analysis are found in Levin, Glass, and Meister (1984)., The overall
cost is about $87,000 per year or about $119 per year for a ten minute
daily session. Hardware ahd-sofcwarc costs are ba;cd upon data for
the Spring of 1984, while a.ll other cost data are for 1980. Thus,

overall costs would be somewhat higher in 1984 for the latter

category. What is most instructive is the breakdown in costs among

.G‘,_ ) 22 -
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cstegorieb; Ths annualized cost of hardware (cost per year) accounts

for only about 11 perceat of the total cost, while personnel costs

sccount for about 38 pcréen:. Curriculum gnd other software costs
l

represent 21 percent of the total, and hardvare maintenance about 11

percent.

How Dominant is the Cost of ;.hc ngut.er? : o
This cou'r:' breakdown ensbles us to address the first popular
assumption, namely that the co;c of computer hardware dominates the
cost of CAI. In this’ example, the cost of computer hardware
represented o.tily about one-ninth of the overall annual cost of
providing CAI .scrvicet'. It is alu; important to note that although
persoanel accounted for )about cvo-éfiétlu of costs or over three ;i;es
that of the computer hardware, staffing vai relatively modest for such
8 busy facility with over 700 student s'eui.om a day. The only
petn:mnel vere a full-time coqrdiﬁntor ($20,000 & yesr plus fringe
benefits),two part.-tuino; teaching aides (600 hours easch @ $5.00 hour
for a total of $6,000 a year) and a small amount of administracor
time. 1t is ressonable to believe that this is probably 2 minimal

staffing pattern for & facility with 32 terminals or 32

‘micro-computers that are fully utilized for the entire school day . It

should be noted that several years of experience sug’gest that full -

utilization weant about 23 ten-minute sessions & day or the equivalent
‘of four hours of continuous use gover a six~hour school day. The
remginging time was accounted for by time required f;r maintenance and
testing of equipment, production of student records, lost time becsuse

-,

o

By
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]

of inoperative equipment, and time reguired during the transition from

one scx;den: group to another.

Nor can one argue that this cost pattern is unique to a
mini-computer with t.rni'nau in contrast to micro-~computers. A
similar -icro~c0Ip;xter configuration is likely to be faced with
similar staffing needs. Further, uinteuncé and software needs are
aot like ly' to be lubocmtinﬁy di fferent between mini-computers and
micro~computers with the same service capacity. Indeed, in a later

-

comparison of the costs of mini- and micro-computers, we will suggest

that as of 1984 costs are roughly compsarable or even favor the

" mini-computer over micro-computer networks vith communication
. - ‘ ' !

capabilities.

In large measure an understanding ;:f all costs of CAI explains
why schoql districts gre unasble ;:o utilize efficiently the
micro-computers that they purchase without making explicit logistical
and cost provisions fér other requirements. ‘r.h'e purchase of

micro-computers is a necensar} coadition~-but not a sufficient

one-~for providing CAI services. For every dollar spent oun such

hardvare .some four or more dollars of other resources will dbe needed
for the other r'esourcyes requiréd to provide instructional services

such as supporting software, maintenance, personnel, and special

facilities. The oversll message is that although computer hardware may
'be the most visible component of & CAI delivery sys'ce-, it accounts

for'a relatively small portion of the total costs of CAI. This is a
lesson that is important for schools to learn if they are to provide

(%
CAl .services rather than to lim’ iemselves to the purchase

24 '
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of computers with the hope that the services will be produced

°

automatically from the hardware. .
Will the Costs of CAI Pall Drastically?

| 4 sacond pcpular sssumption is that the costs of providing CAI
services v}i.ll decline drastically vith concomitant declines in the
costs of mini~ or micro-computers. This propo;ition' can be exsmined
So:h historically and logically. paré of the evaluation of the Los
Angeles experiment, a cost lﬂll”ll vas undertaken in 1978 (Levin and
Woo 1979). The overall cost of delivering 736 daily CAI uuim per
year was estimated to be about $100,000 for the 1977-78 lchool. year.
The cost per year 1‘0;J a daily CAX 'unlsi.on_wu estimated at 9136 per
student, Recall :ﬁac the estimated cost of providing the same
services in 1984 was abouc'slw pc; year for each student for a daily
CAL sassion. Accordingly, even with substamntial declin_es.in the cost
of the computer hardware between 1978 and 1984, the cost of providing
CAl instruction had declined by only about ;lpfrcent.

Let us examine this paradox more carefully. In 1978 the annual

cost of computer hardware vas estimated to be about 28 percent of the

total annual cost of providing the CAI. We can ask what would happen
to such costs if the hnrdvaxe costs had declined by 50 percent. The
answer is that there vould have been & 14 perceat reduction in the
overall costs of service Jélivery, or half of 28 perceant. According

to the 1984 esci’utec, the actual share of hardware costs had declined

to only 1l percent of total costs, This reduction in the proportion

L]

of costs attributible to hardware was due not only to a decline in
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hardware costs per se, but also to relative risas in the costs of

\

some of the other ingredients.

Now, let us do & bold hypothetical exercise in arithmetic by

sassuming that hardware costs decline so drastically in future years
that computers will be given away at no -COlt vhnt;oowr. Although
this is an absurd sssumption, it is useful for seeing the limit to
vhich a4 reduction in hardware costs can diminish the overall c'éots of
CAI. Clear.iy, the use of free computers would reduce the cost of CAI
services by oaly 11 percent in this exsmple, as long ai eccd for the

other ingredients and their costs remained constant. Of course, to

the degree that the cost of other ingredients such as those of.

personnel incresase over time, not all of the cost reduction from free

computers wilf‘bc rafiected in reduced costs of CAL services. In that

\

\él;se the cost deéi\ine would be less than l1 perceat.

The popular assumption that the costs of CAI will decline
drast:_ically with reﬁuc:ionl in hardware costs is inconsistent with
basic arithmetic., It is only if improvements in hardware reduce the
need or the cost of other oingrcdicnﬁs that such sn outcome would take

place. Yet, it is ;lifﬂculc to see how a high level of computer

utilization could be integrated into school curricula without st lesst ‘

minimal coordination and staffing, investment in software, adequate -

facilities, and so on. Neither the recent history nor the structure

S

of CAI costs supports the view that there will be drastic declines in

the costs of CAI services. It is only when CAI services are defined

as the mere ﬂavailabilit:y of computers that the view makes sense. As

26
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noted above, however, such & definition is naive and educationally

indefensible.
Are Micro—Computers Cheaper Than Mini-Computers

The remarkable upsurge in popularity of wicro-computers and their
smaszing flexibility and performance have contributed to the popular

as aunﬁt‘icn that CAIl is 2 ;noaymous with the micro-computer.

Micro-comput«cs can be purchased and used singly, in small aumbers, or
in larger numbers when configured into a computer laboratory. Each
micro-computer can be used in&ep‘endencly or lianked Lorocher
microfconputers in a local area network (Piele 1984). Schools have
often ini_tiatod their CAI sefvicéa by getting small numbers of

micro~computers that are first used for instruction by s few teachers

who are computer buffs (Meister 1984), Later, these enthusiasts may

train other teachers, creating additional demands for micro-computers
and placement of micro-computers in all or most classrooms or ix} a
computer laboratory.

A major dadvantage of the micro-computer is the flexibility that
it permits in acéonaoda:ing a variety o differeat patterns of
adoption and utilization. No major ianves tment needs to be made
initially as schools acquire equipment and software in small amounts
for the purposeas of familiarising staff and explofing the potential of
CAI; Only later as CAI is introduced systematically into the
curriculum do the commitments tnd.cous rise.

But, there is one set of conditions under which this strategy may
be counterproductive and even more costly than the use of a

v

mini-computer with student terminals. This situation emerges as

: R7
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additional micro-computers are scquired, it often becowes desirable to

link them into & local ares network so that software, printers, disk

drives, and data bases can be easily shared and communication is

possible from one user to snother. For example, in such a network a
teacher could monitor the progress of individual students and offer
suggestions to students in an unobtrusive manner by sen&ing -ﬁasages
between the two micro-computers.

Once a school teach?s the stage v;here it vishés to link itg
mic ro-co-pute'rs into a network, however, it is »gddres“s'ing a task which
is a basic fuaction of & mini-computer with terminals. A
mini-computer is a larger computer than a micro, and it is accessed by
terminals. The terminals have 'keyboards and video-mnitors, but no
independent storage or processing capability. Rather that ability is
contained in the central pfoceuisig unit of the mini-computer. Since
all terminals are linked to the central processipg unit, sharing 6f

software, peripheral equipment such as printers ,knd storage devices,

- - N

and communication among terwinals are intrinsic to the mini~computer.

Further, the same revolution in electronics that has reduced the cost

. g R
et — T T

and raised the capabilities of micro—computers has also had the same
effects on mini-computers.

Accordingly, a cost comparison was made of a popular, local area
netwvork composed of micro-computers (Apple II's with a Corvus Omninet)

and the mini~computer configuration used in the previocus cost

;nalyseq. The comparison was limited to the hardware costs for

delivering 4 similar set of curriculas (Levin, Glass, and Meister 1984:

23-25). The costs-of the two systems were found to be comparasble,

28
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vith the mini-computer slightly less costly per student. However,

experience with ni.cro-c°onpu:et networks in ;choola have shown them to /
be less reliable st the present time than mini-computers, and their
personnel requirements seem to be grester because of their complexity
of operation. These suggest that on balance the higher reliability

<

and lesser personnel needs attached to the mini-computer -ake it less j

costly than a comparable micro-computer network. It also suggests /’

/

that if schools intend to plan for a local area nstwork at the/

outset-~rather than after scquiring microe——they should conoidcr th§
mini-computer slternative. | |
IV~ COST-EFFECTIVENESS OF CAL
A final popular belief that we wish to address is the vigv that
the decliné' in cost of computers and rtise in their éapabilitias as .
wehl_', as the explosion in availabilii‘.y of educational software have
made CAI a more cont-effeccive alternative to instruction than
traditional npproncixes. While this may be the case, rarely is evidence
used to bagk up the claim, Cost-effectiveness studies require that
systematic anal_yseo of costs be available for addressing the same
educational outcomes (Levin 1983). The relative lack of dats on both
, costs and effects suggests that a high priority be attached to
rigorous studies of the cost~effectiveness of CAIL.
Recent research sndertaken at the Institute for Research on
Educational Finauce and Governance (IFC) attempted to cowpare the
cost-e f'fec tiveness of drill-m&-practzicc CAI with that of three other
alternatives for increasing student achievement in mathematics and

reading in elementary schools (Levin, Glass, and Meister 1984). The

ey
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other interventions that were considered ie the analysis were reducing
class eiee-, increasing instmctioml time, and cross—age tutoring.
Both CAI and iecteesing instructional time have been featured
Prominently among the recommendations of the national reports on
edece: ional refom, while reducing class size and cross~age tutoring
represent more rtreditional epproeches; The emphasis in selecting
iaterventions specific forms of the interveatiocns was to cheose those
‘thet vere replxceble ir elenentery scho‘ols (as Opposed to those
developed for experimental purposes), that had reasonsble eveluation
data from which we could estimate effectiveness, and that had
sufficient detail to facilitate identification of ingredie"nts and
their costs., - ‘ .

\ The specifie CAI interventior that was evaluated is based upon
the CCC drill-end-ptactice curriculum chat was described previously. ‘
The iotervention for increasing instructional time eatailed the
addition of one hour of instmction_z:er “1y, half of it devoted to
mathematics, snd half devoted to reading. The wain ingredient for
costing purposes was additioeel teacher time. Cross-age tutoring
refers to a peer component, the tucering of younger studencq;f:y older
ones under the supervision of adults for grades 2 and 3 and an adult
component comprised of adult tutoring ef students in grades 5 and 6.
The specdific tutoring program chosen for this study was the Cross—Age
Structured 'i'utoring Program for Reading and Mathematics in the Boise

(Idsaho) Schools. Staffing for each elementary school of about 300 to

400 students includes a tutor manager in reading, & tutor manager in

) mathemarics, and an adult tutor for each subject. Daily tutoring

Q | B | ‘. 30




Fap

e

RN

- - L . T Re N TN Mg e
. N

26

sessions last about 20 minutes a day \uling a co:nargiaily available
curriculum. The reduction of class size was based upon examining the
costs and .:'ffcc ts of reducing class size incrmnnlly. from 35 to 30
students; 30 to 25 students; 25 to 20 étudenu; and 35 to 20 students.
Costs of this intervention are associated with the additional
classrooms and teachers that are required.

Ef f‘“ iveness

The effectiveness of <sch of the interventions was estimated by

doing a two stage analysis, and do:aill can be found in Class (1984).

First the available evaluations for each class of intervention vere
gssessed to obtain a range of their effects on student schiavement.
Second, cvalu\‘atianl of the specific int‘erveu:ions’ for CAi, increasing
inscr‘u.ct.io'nll time, snd cross-age tut;’ring wvere assessed to obtain
specific estimates of aéhiemnt effacts. The effects of reductions

in clas.s size wvere derived from a -N:a-nhl.yoil‘ of about 80
evaluations on the subject.The results of the first and second stage

wers compared to assure that the specific interventions were

representative of those of the classes of interventions chosen.

Yy
-
PP

31

e T T T o T L T i s I o T S AR e e Tty T e e e e e ]
e o , . GRS - . S g . ;



27

TABLE TWO

Estimated Effectiive'mu of Four Bducational Interventions.
in Months of Additional Studeant Gain
Per Year of Instruction

Mathematics Reading
CAI 1.2 2.3
' Cross—Age Tutoring
Pear Component 9.7 4.8
Adult Component T 6.7 3.8
Increasing Instructional Time 0.3 0.7
Reducing Class Size
-From To
35 . 30 0.6 0.3
30 25 0.7 0.4
25 20 0.9 0.5
35 20 2.2 1.1

Table Two shows. the estimated effecr.i'venen of each of the
interventions. ‘s'i‘nce the in:erven‘tions represent supplements to
existing ins;r?&cﬂon, the effects are evaluated in terms of the
a‘ddicionalvh‘chieve-en: expected for children recaivin;-each
in:erventyi‘;m re l.aiti.ve to similar students who are not exposed‘ to it.
Effect si‘z'"e“s were estimated in terms of achievement gains in standard
deviation uniiq. Howevet,‘ a standard deviation at the elementary level

N

is approximately equal to a year of achievement, where an academic
N\

.

year is equal to 10 months. Accordingly, we have converted the :

N _
achievement results into‘-gont.ho, of student gain per year of

instruction to provideli\plore familiar measure of achievement. Table

Two shows the expected md&bly gains in achievement of students for

) .
4} 4
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each interveantion, vl;cre each month of gain is sbout one-tenth of a
school year of nchimht.

'-rhev CAX intervent(!;ion prodﬁced a healthy result with over s moath
of student gain in u(;cbm:ics and over two mouths, ailost a quarter
of a year, in rediq"g for a ten-minute daily session in each subject
over the schooi ye*r. Howvever, even larger effects were found for
both the peex; and Adul: components of cross-age tutoring. Peer
"‘t‘vt}tqring‘ producod,rlgain:'of aimost a full year in mathematics
achievement and half a year in reading achievement, and gains from
adult tutoring were almost as impressive. In contrast, reductions in
class size shoved less than a moath of gain in both mgthematics and
. reading for each five-student decrmnt; M'me direct reduction from 33
to _20 atud;ntn, however, was sssociated with yains similar to CAI, but:
with greater achievemeant gainyin mathematics than read_i.ng. Finally,

the efféctiveneu of sn additional half hour a day of iastruction in

‘each subject showed very small gains.

33
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TABLE THREE o ' /
4 * “e a 7'1‘ * . }
Annugl Cost Per Student Per Subject of Four Educational Interventions < s
N i n
: ‘ Cost per Student per Subject - :
CAI . $119 , o -
Cross~Age Tutoring = ’ |
Peer Component _ $212
" Adult Component $827
Increasing Instructional Time '§ 61
Reducing Class Size
From To
35 30 ‘ : 8 45
30 25 ' $ 63
25 20 $ 9%
35 20 ‘ $201
v : - - LA
Table Three shows the annual costs per student of each
intervention. The annual cost per student per subject represents the
total value of resources required to replicate each intervention,
divided by the number of students rece ving the instructional
benefits, where the ingredients method was used to ‘estimate costs. The -
most costly of the interventions was adult tutoring, followed by peer
tutoring and a reduction in class size from 35 to 20. The cost of CAI
vas adbout half that of peer tutoring. Reductions in class size by
five _student decrements and increasing instructional time by one half
hour a day in each subject were the least costly interventions.
. |
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ITABLE FoUR

, /
Estimated Kffactiveness of Four Educationsl Interventions
in Months of Addi.tim{ Student Achievement Cain Per Year
of Instruction for Each $100 Cost Per Student

_ "’ Mathematics Reading
CAI = | ,‘ 1.0 ' 1.9

i

Cross-Age Tutoring

- Peer Component b 4.6 2.2
Adult Component S 0.8 0.5
Increasing Instructional Time 0.5 1.2

, /
Reducing #hu Size “
{

From To .

35 30 / 1.4 0.7
3 25 1.2 0.6
25 20 /’ 100 0.5
35 20 1.1 0.6

When costs for élch intervention in Tible Three are combined vith
the effectiveness results from Table Two, ,cost-effectiveness ratios

are obtd.'ined. With these it is possible to ascertain the expected

gains in étudenc achievement associsted with a given cost. Table Four
shows the gains -in s:u&enc achievement from each intervention for sach
$100 cost per pupil. The CAI intervention is estimated to produce a
gain of about one month in mathematics and two ﬁonchs in re.ading for
each $100 in cost per student. In cootrast, peer tutoring is
associated with almost half a year of achievement gain in mathematics
and‘ almost a quarter year in reading. Other interventions tend to

show lower cost-effectiveness than either pear tutoring or CAL

- Indeed, even though adult tutoring showed one of the highest effecﬁs,
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its high cost creates a coat—effectivenéss ratio that is among the
lowast of the four interventioas.

Based upon these results, it ali)pearl that the specific CAI

intervention evaluated in this study was ;nore cost-affective than

adult tutoring, reducing class siseg, or increasing instructional time.
| |

Hovever, it was considerably less cost-effective then peer tutoring

in mathematics and slightly less tost-effective in reading. This
e ) L]

suggests that the CAI interifghtion does perform comparatively well.

according to cost-effectiveness criteria, although it is not
necessarily the most cost-effective approach to improving mathematics
and reading achievement in the elementary grades. "Although these
vresults are based upon CAI delivery with nini-éonputeu' rather than
micro—conputer;, analysis of micro-computers for this specific CAI
interveatidn suggests that they would be more costly (Levin, Glass,
and Meister 1984: 23-25 and Appendix Tables A~6.1 and A-6.Z.) and
would be associated with léwcr rather than higher cos':.-effcccivnnass
ratios. "

Of course, as new developments occur in CAI curriculs and their
applications, CAI might improve its relative cont-effective:'xeu.
Evidence at the present time suggests, however, that educators should
not assume blindly that CAI is a more cost-effective intervention than
other alternatives. Clearly, the overall choice sust depend upon a
school's instx"uctioml goals, available rcs‘ourcu for reaching those

-~

goals, proficiency in using computers, and many other factors.

The over~riding theme of this paper is thst popular assumptions

about costs and cost-effectiveness of CAI are often not supported by

’

- L
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evidence. To the degree that decisions to adopt CAI are made on the
basis of such auuu;tions, they ;ny be costly and inefficient. It is
crucial that systematic eva'luation of CAI proceed as rapidly as the
prolitera: fon of'co-puun in instruction in order to ascertsin the

most promising applications in a framewoik which considers both thaix;

educational effectiveness snd their costs.
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